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(54) Thermal CVD process for depositing a low dielectric constant carbon-doped silicon oxide 
film 



(57) A method for providing a dielectric film having 
a tow dielectric constant. The deposited film is particu- 
larly useful as an intermetal or premetal dielectric layer 
in an integrated circuit. The low dielectric constant film 
is a carbon-doped silicon oxide layer deposited from a 
thermal as opposed to plasma, CVD process. The layer 
is deposited from a process gas of ozone and an orga- 



nosilane precursor having at least one silicon-carbon 
(Si-C) bond. During the deposition process the wafer is 
heated to a temperature less than 250°C and preferably 
to a temperature between 100-200°C. Enhancements 
to the process include adding Boron and/or Phosphorus 
dopants, two step deposition, and capping the post 
cured layer. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation in part of European application / Attorney Docket Number 3024 

EPC 02/T30300 Filed . 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the formation of dielectric layers during fabrication of integrated °n 
SonducJr wafers. More particularly, the present invention retetes to a method for proving a d.electnc film hav.ng 
a low dielectric constant that is particularly useful as a premetal or intermetal dielectnc layer. 
m One d the primary steps in the fabrication of modem semiconductor devfces is the format™ of a thin film on 
Siconductor su^rate by chemical reaction of gases. Such a deposits process is referred to as chemical vapor 

Conventional thermal CVD processes suppV reactive gases to the substrate su^^ 
indu^hemical reactions take place to produce a desired film. Plasma enhanced CVD techniques on the other 
£nd^ 

wave eTgy The high reacfivtty of the released species reduces the energy required for a chemcal reaction to take 
olace and thus lowers the required temperature for such PECVD processes. 
20 S m inductor devSe geometries have dramatically decreased in size since 

duced several decades ago. Todays fabrication plants are routinely producng devices havrng 0.25pm and even 0 1 8pm 
SJeTeL aStomon^s plants scon will be producing devices having even smaller geometries. In order to further 
SlTe sizTd^ on'integrated circuits, it has become necessary to use c^duct^e matereis « low 
SSvity and insulators having a low dielectric constant. Low dielectric constant films are particular* durable to 

meteS tic, X Relent crosltalk between the different levels of metalization. and to reduce device power consump- 
,TTSoTed s5L oxide films deposited using conventional CVD techniques may have a dielectr. (k)as 
ow as about 4 0 or 4 2 One approach to obtaining a lower dielectric constant is to incorporate fluonne .n the silicon 
M silicon oxkfe films (also referred to as fluorine silicate glass or -"FSG films) may have a 

dir^stant as low as about 3.4 or 3.6. Despite thfe improvement, films having even lower dielectric constants 
are"^^ 

nave been developed in attempts to meet these needs including: a spin-on glass called HSQ hydr °9^ea,«. 
£aneHSi0 15 ^ 

toTkfilmstevt been deposited by CVD using an orcgnosH^^ 

35 IbSPwnTfelneabo^ 

new and improved methods of depositing low-k materials for use as IMD and olher types of d,electnc layers. 

SUMMARY OF THE INVENTION 

40 [0006] The method of the present inventbn provides such a new and improved tow-k 

The process is particularly useful in the manufacture of sub-0.2 micron circuits as rt can form a PMD or IMD im with 
adelSrcon^ant below 3.0. The film has good gap fill capabilities, high film stabi.rty and etches un.fo.mfy and 
controllablv when subject to a chemical mechanical polishing (CMP) step. 

« ^ T^methodofthepr^ 

toDlasma CVD process The layer is deposited from a process gas of ozone and an organosilane precursor haying 
S K ^SSSt^ (Si<5) bond. During the deposition process, the substrate is heated to a temperature less 

SoTlnSme currently preferred embodiments the organosilane precursor has a formula <*SV*W}g ^ x 
s^her 3 or 4 making the organosilane precursor either trimethylsilane (TMS) or tetramethybilane (T4MS). In c4her 

o between about 150-200'C and the deposition is earned out in a vacuum chamber at a pressure of between 1-760 
^SothTp^ 

subsequent moisture absorption. Curing can be done in either a vacuum or conventional furnace environment. 
mS ta on. specific embodiment, the process gas is a mixture of TMS. ozone and helium. Deposrtion pressure ,n 
Sbodiment 'can be any pressure between 1 -760 Torr. bu, the flow rate of the TMS «^VjJ^^ 
partial pressure of TMS is less than its vapor pressure in the deposition environment. In a P"^"^"" ™ 
Embodiment, after film deposrtion is substantially completed, the ozone flow into the deposition chamber is stopped at 
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least several seconds prior to the flow of TMS in order to ensure that residual ozone in the chamber reacts, in the gas 
phase, with the TMS and not with carbon in the deposited film. 

rOOIOl Optionally, one or more dopants, such as phosphorous and/or boron, may be included in the process gas to 
enhance the properties of the deposited film. In some embodiments of the present invention, the carbon-doped layer 

5 is capped with a layer of silicon oxide or silicon nitride. In one specific embodiment the carbon-doped layer is capped 
with a layer of PECVD silicon oxide. Furthermore, the carbon-doped layer may be formed by a two-step process. In 
one embodiment a first portion of the carbon^oped layer is formed at a high pressure and low temperature to provide 
oood gap-fill A second portion of the carbon^Joped layer is then formed at a high temperature and a low pressure to 
pravidea high deposition rate. Alternatively a second portion may be formed using PECVD to provide a compressive 

10 stress that partially compensates for a tensile stress in the thermally deposited layer. 

[0011] These and other embodiments of the present invention, as well as its advantages and features, are described 
in more detail in conjunction with the text below and attached figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0012] 

Figs. 1 A and 1 B are vertical, cross-sectional views of one embodiment of a chemical vapor deposition apparatus 
according to the present invention; 
20 Fiqs 1 C and 1 D are exploded perspective views of parts of the CVD chamber depicted in Fig. 1 A; 

FkT *1E is a simplified diagram of system monitor and CVD system 10 in a multi-chamber system, which may 
include one or more chambers; 

Fig. 1F shows an illustrative block diagram of the hierarchical control structure of the system control software, 
computer program 70, according to a specific embodiment; 
25 Fig. 2 is a simplified vertical cross sectional diagram of a CVD apparatus according to an alternative embodiment 

of the present invention; 

Fig. 3 is a flowchart illustrating the formation of a carbon-doped silicon oxide layer according to one embodiment 
of the method of the present invention; 

Fig. 4 is a graph of substrate temperature versus dielectric constant for a carbon-doped silicon oxide film deposited 
30 in accordance with a particular embodiment of the present invention; 

Fig. 5 is a graph showing the effect of substrate temperature on deposition rate for a carbon-doped silicon ox.de 
film deposited in accordance with a particular embodiment of the present invention; 

Figs. 6A-C are drawings illustrating the gap fill capabilities of films deposited according to the present invention at 

deposition temperatures of 150-250 °C; 

35 Fig. 7 is a graph showing the effect of an inert gas flow of helium on film uniformity in a carbon-doped silicon oxide 

film deposited according to the present invention; 

Figs. 8A and 8B are graphs of FTIR data that compare the crystalline orientation of a carbon-doped silicon oxide 
film deposited and cured according to the present invention with an uncured film; 

Fig. 9 is a flowchart of one process according to the present invention that employs a process gas of TMS, ozone 

rJ 1 0 tei flowchart illustrating the integration of the formation of a carbon-doped silicon oxide layer according 
to an embodiment of the method of the present invention; 

Fig 11a is a cross sectional view of an integrated circuit structure undergoing sputtenng; 
Fig 11 b is a cross sectional view of an integrated circuit structure undergoing treatment with free atomic hydrogen; 
45 Fig 1 2a depicts a remote RF plasma source according to an embodiment of the present invention; 

Fig. 1 2b depicts a remote microwave plasma source according to another embodiment of the present invention; 
Figs 13a-13e depict FTIR spectra for carbon-doped silicon oxide films; 

Figs. 1 4a-1 4f depict flow diagrams illustrating the integration enhancements to formation of a carbon-doped silicon 
oxide layer according to another embodiment of the method of the present invention; 
50 Figs. 15a-15h depict a cross section of a partially formed integrated circuit undergoing integrated processing ac- 

cording to an embodiment of the present invention; and 

Figs. 16a-16h depict a cross-section of a partially formed integrated circuit undergoing an integrated dual-da- 
mascene process according to an embodiment of the present invention. 

55 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
I. Exemplary CVD System 

1001 31 One suitable CVD apparatus in whteh the method of the present invention can be carried out is MjtaH» 
A Sd 1 B wrfichare verticaTcross^ectkxial views of a CVD system 10, having a vacuum or processing chamber 15 
tha^ and chamber lid assembly 15b. Chamber wall 15a and chamber hd assemb* 15b 

S^t ,L S on a heated pedestal 12 centered within the process chamber. During processing, the substrate (e.g. a 
sem^ 

SSLwn a tower loading/off-loading position (depicted in Fig. 1 A) and an upper processing P°^on (,ndh 
shown) includes sensors for providing information on the position of the wafeis_ 

rooiSl Deposition and carrier gases are introduced into chamber 15 through perforated holes 130 (Hg. 1U) « a 
%£JS£ ZS* gas dfcMbutton or facepiate 13a. More specificafly. deposition Process ^ow into ^ 
^MhroS .he inlet^anifoto 11 (indicated by arrow 40 in Fig. 1B), through a conventual perforated blocker 
niato 4? and then throuqh holes 13b in gas distribution faceplate 13a. 

fooiffl Sol reaching the manifold, deposition and carrier gases are input from gas sources 7 through gas suppty 

are oositioned on each gas supply line in conventional configurations. . . 

^fri^^l orocess oerformed in CVD system 10 can be either a thermal process or a plasma-enhanced 
[0017] The RF power supply 44 applies electrical power between the gas distribution 

SSL' 1 ^ eTctte Te process £. to form a pfcsma within the c^rooton 

oTSTpteana react to deposit a desired film on the surface of the semiconductor wafer ^supported RF 
Sower supply 44 is a mixeTfrequency RF power supply that typically supplies power at a high RF frequency RF 1 ) d 
^ MHz andafa tow RF frequency (RF2) of 450 KHz to enhance the decomposition of react™ species introduced 
nto^^um chrbeMsTa theL process. RF power supp* 44 wou.d not be « a^theproc^ 
nSureftemolly reacts to deposit the desired films on the surface of the sem^ductor wafer supported on pedestal 

^ to^l^EEi a'constant temperature to prevent condensation of flquid P«» 
^^ r c ions that cou.d create parftoles^ ^ 

r p , QX . . ^ in Fin 1R rue oassaaes in the remainder of chamber walls 15a are not shown. Fluids usea 
IST^^S^^^S^^ types. i.e., water-based ethy.ene glycol or oH-based dermal 
£^5fS ^ hSngTeferred to as Seating by the "heat exchanger-) beneficially reduces or 
deS^ 

other contaminants lhat might contaminate the process if they were to condense on the walls of cool vacuum passages 
SietoTricl^^QS 

TZ stot o2e l^and the plenum 1 7 help achieve a uniform flow of process gases over the wafer so as to deposH 

50 ?i 0m F Sr«r^ r plenum 1 7. the gases flow underneath a lateral extension portion 21 of the exhaust plenum 
ifl, avTJng pon (not shol). tnroug^a downward-extending gas passage 23. past a vacuum ***** £ 

vacuum pump (not shown) through a foreline (also not shown). rr , hi „ atirtn thnraon is 

ss r00211 The wafer support platter of the pedestal 12 (preferably aluminum, ceramc, or a comb.na on thereof) « 
SSUS^^Mbickkd single-loop embedded heater element configured to make two f u urns inthe 
rm TnlS^ncentric circles An outer portion of the heater element runs adjacent to a perimeter of the support 

sr!wn«^ 
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element passes through the stem of the pedestal 12. Typically, any or all of the chamber lining, gas inlet manifold 
faceplate and various other reactor hardware are made out of material such as aluminum, anodized aluminum, or 
ceramic An example of such a CVD apparatus is described in U.S. Patent 5,558,717 entitled 'CVD Processing Cham- 
ber,' issued to Zhao et al. The 5,558,717 patent is assigned to Applied Materials. Inc., the assignee of the present 

s invention, and is hereby incorporated by reference in its entirety. 

[00221 A lift mechanism and motor 32 (Fig. 1A) raises and lowers the heater pedestal assembly 12 and its wafer lift 
pins 1 2b as waters are transferred into and out of the body of the chamber by a robot blade (not shown) through an 
insertion/removal opening 26 in the side of the chamber 15. The motor 32 raises and lowers pedestal 12betweena 
processing position 14 and a lower, wafer-loading position. The motor, valves or flow controllers connected to the 

10 supply lines 8 gas delivery system, throttle valve. RF power supply 44, and chamber, substrate heating system and 
heat exchangers H1 . H2 are all controlled by a system controller 34 (Fig. 1 B) over control lines 36. of which only some 
are shown Controller 34 relies on feedback from optical sensors to determine the position of movable mechanical 
assemblies such as the throttle vafve and susceptor which are moved by appropriate motors under the control of 

mSS^a preferred embodiment, the system controller includes a hard disk drive (memory 38). a floppy disk drive 
and a processor 37. The processor contains a single-board computer (SBC), analog and digital input/output boards, 
interface boards and stepper motor controller boards. \ferious parts of CVD system 10 conform to the Versa Modular 
European (VME) standard which defines board, card cage, and connector dimensions and types. The VME standard 
also defines the bus structure as having a 16-bit data bus and a 24-bit address bus. 

[00241 System controller 34 controls all of the activities of the CVD machine. The system controller executes system 
control software, which is acomputer program stored in a computer-readable medium such as a memory 38. Preferably, 
memory 38 is a hard disk drive, but memory 38 may also be other kinds of memory. The computer program includes 
sets of instructions that dictate thetiming, mixture of gases, chamber pressure, chamber temperature. RF power levels, 
susceptor position, and other parameters of a particular process. Other computer programs stored on other memory 
25 devices including, for example, a floppy disk or other another appropriate drive, may also be used to operate controller 

[00251 The interface between a user and controller 34 is via a CRT monitor 50a and light pen 50b. shown in Fig. 1 E, 
which is a simplified diagram of the system monitor and CVD system 10 in a substrate processing system, which may 
include one or more chambers. In the preferred embodiment two monitors 50a are used, one mounted in the clean 

so room wall for the operators and the other behind the wall for the service technicians. The monitors 50a simuKaneous y 
display the same information, but only one light pen 50b is enabled. A light sensor in the tip of light pen 50b detects 
liqht emitted by CRT display. To select a particular screen or function, the operator touches a designated area of the 
display screen and pushes the button on the pen 50b. The touched area changes its highlighted color, or a new menu 
or screen is displayed, confirming communication between the light pen and the display screen. Other devices . such 

as as a keyboard, mouse, or other pointing or communication device, may be used instead of or in addrtion to light pen 
50b to allow the user to communicate with controller 34. 

[0026] The process for depositing the film can be implemented using a computer program product that is executed 
bv controller 34. The computer program code can be written in any conventional computer readable programming 
language- for example. 68000 assembly language. C, C++, Pascal. Fortran or others. Suitable program code is entered 

40 intoasingtefile,ormuKiplefiles,usingacon^ 

such as a memory system of the computer. If the entered code text is in a high level language, the code is compiled, 
and the resultant compiler code is then linked with an object code of precompiled Windows™ library routines. To 
execute the linked compiled object code the system user invokes the object code, causing Hie computer system to 
load the code in memory. The CPU then reads and executes the code to perform the tasks identified in the program. 

45 [00271 Fig 1F is an illustrative block diagram of the hierarchical control structure of the system control software, 
computer program 70. according to a specific embodiment. Using the light pen interface, a user enters a process set 
numberand process chamber number into a process selector subroutine 73 inresponse to menus or screens displayed 
on the CRT monitor. The process sets are predetermined sets of process parameters necessary to carry out specified 
processes and are identified by predefined set numbers. The process selector subroutine 73 identifies (i) the desired 

so process chamber and (ii) the desired set of process parameters needed to operate the process chamber for performing 
the desired process. The process parameters for performing a specific process relate to process conditions such as. 
for example process gas composition and flow rates, temperature, pressure, plasma conditions such as RF power 
levels and the low frequency RF frequency, cooling gas pressure, and chamber wall temperature. These parameters 
are provided to the user in the form of a recipe, and are entered utilizing the light pen/CRT monitor interface. 

ss [00281 The signals for monitoring the process are provided by the analog and digital input boards of the system 
controller, and the signals for controlling the process are output on the analog and digital output boards of CVD system 

[0029] A process sequencer subroutine 75 comprises program code for accepting the identified process chamber 
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a „H orocess oarameters from the process selector subroutine 73, and for controlling operation of the various 

wmmmmm 

ir relevant factor a system programmer desires to include for determining scheduling pnorrties. 

Tel m^u^ncTsuZrne 75 determhes which process chamber and process set comb,nat™ ,s go^g 
Sxecrteone^^^ 

^:~-?z=:~ — — ■ -= =£ 

^mhl iVoSestal 12 is lowered to receive the substrate, and thereafter, the susceptor 12 is raised to *e desired 
^V^^S^M subroutine 83 control the open/ctose postton of the safety *"^r^^ 

Kechamb^^^^^ gases are introduced. For these processes, the process gas control subroutme 

S3 i P^SmrS I to irSude ^rfowing the inert gas into the chamber 15 for an amount dtaMl. 
^.ize^r^ in the chamber, and dilute the reactant so that there is a umfonx uea^on. Then theste^ *- 
screed abov^wou^ca^edout^ 

^rZ^'^t^Z Uprises program code for controHing the pressure in the chamber 1 5 
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II. Exemplary Deposition of an IMD Layer 

[0038] Certain embodiments o« the present invent- relate to depostton ^^^^sSbi'^ Z 
chamber such as the exemplary chamber ^r.b^above^ ™™ P fu| for the deposition G t premetal 
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than the desired deposition temperature. dielectric constant for a particular set of deposition 

[0042] Fig. 4 is a graph showing ^^^Z^Xta^ temperature of 250-C resulted in 
conditions at a deposition pressure above 200 To As shown in Mg ^ P constants of 3.0 and 

a dielectric constant of 4.6 while pedestal *™P^ U ™ * ^jJJ ^n^ tors ran. a temperature of 200*C and 
2.7 respectively. Thus, as evident from the figure and fn^MM £. ^ JP ^ 

belowisVefened.'tisbe.ie^ 
into the deposited film. Sil^ 

^r i Se a srt r ^ 

organosilane precursor. Ozone activates through these gas ph Me* m *\ ' a sufficjent|y tow 

retired to ensure a commercially acceptable ^balanced against deposrtion rate, 

deposition temperature to obtain an appropnate low d.e ^ n ^^™ * ™ R 5 a ca^-doped silicon oxide 

Fig^isagra^showtogthe^ 
filmwasdeposrtedatapressureof2^ 

TMS(170sccm),12.5wt.%^ 

temperature was vanedfrom 150 ct °^ rft C ^" h ^ e h r 9 Bonly ^ kC aVrnol, indicating that the reaction controlling 
is increased. The activation energy of the reaction, however, isomy f |MD and PMD applications, 
stepisinthegas P hase..norder,oa^ 

it is useful to maintain the pedestal temperature at about 1 ^J*2L^^n«ieiatureal 100-C, tSO'Cand^'C. 
depose -teofcarbon.Joped^ 150 -C process had a rate of 

In these tests, the 200°C process had a de P<^°" r ^ °J *°£ rate of abou , 50 A/min - a rate that is currently 

ozone rn^y no, be actuated and^ 
[0044] A technique the invento^^^^ 

cems heatingat least the upper portK^ of me substrate p^^^ 

controlled liquid that circulates through passages .n the ch ^ bere ^ ^ ™ d tQ a ^perature of at least 

Tmost conventional TEOS/ozone IMD depos ^^^^^^^^S^^^ 
400-C. in a cold wall reactor this heating .s done P"™"** J heatmg* deposition process is minimal. 

;S 0, ^=,however,ave 

that are preferred for the present ^J^SSS to incraase the deposition rate of the carbon- 
cifically, the heat exchanger can be used « "J*^^ ' the glycoU water mixture to a temperature above 
doped silicon oxide film. The .nventors have ^at "eat.ngt^ jy ^ jn ^ |eads tQ an 

the normally recommended temperature o 65 ^ S ™ e ^ 9 ^ fi)| ^jes. aher embod- 
increased deposits rate for the growng , film, a J^m^STi^ to bSLn 55 and 1 00-C. 
iments of the invention, use the heat exchanger to h ^^^^^ ,oop was coupled to passages 
[0046] ,n previous* known systems on ^ s ^eat ^^^J^Te same temperature. Since 
18a and passages 18b. Therefore the wa»s chamber 15, organosilane precursor tended to 

the temperature was chosen to opt.rn.ze the deposit on , react™ £ me distribution manifold 

react behind the btocker plate 42 in such a way^ ^ Jo^oke or to flow o, ga g^ ^ ^ Qf ^ 

11. To. overcome this, the depos.fon "J*^ SmtxSnent, depicted in Fig. 2. chamber 15 
chamberwalls and the temperature of the chambe J*"""** J^ he- excnange toops L1 and L2 respectively, 
is equipped with two heat exchangers J^J^f*^^^^£^^ to from heat transfer medium, such as fluids 
. Heat exchangers H1 and H2 ^^^^^^^er can heat the fluid, e.g.. resistiveiy, con- 
circulating in heat exchange loops LI and l^Sut* , ttienna ene ^ such tnermal energy transfer can 

5 ^HeatexchangeloopU - coupled to^ssagesl^i™ 

h coupled to passages 18b in lid assembly 15b. e.g n ^^^^^vSLrri^ 15b. This is useful 
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reaction of reactants in gas distribution manifold, e.g., behind blocker plate 42. A specific example of ^ JeJ 
1^1™* m teai AMAT-0 unit manufactured by Applied Materials of Santa Clara. Such a heat exchanger unit is 

a unit is generally capable of maintaining the 15b at a temperature of between -40 and I0<rc. Both units use a 50 50 

mixture of alvcol and water as a heat transfer medium. 

In ™ embodiment, heater control subroutine maintains the chamber walte 1 5a at a temperature of approx- 
M* 60- C and M assembly 1 5b at a temperature of approximatety 25' C during deposrtion of a low-k matenaT «rth 
L^nosibne o ecursor Operating the system in this manner inhibits thermal reaction of the precursor behind he 
bTocTp^ ZpZeTc^g of the flow of gas through the gas distribute manifold 11 Consequent*, the 
SSStan^Mb. substantially increased compared to deposition performed with a single heat exchanger coupled 
S assembly 15b and walls 15a. Heater control subroutine 87 can be configured to separately control heat 

Sino to the present invention are better at lower substrate deposition temperatures as compared with h.gher 
d^S temTerat^s fZ 6A-C are sketches showing the cross*ectiona. view of a film deposited according to 

£ was deposed at 20O»C and the film in Fig. 6C was deposited at 150»C. As shown in the 
CI Ttfielp fiTcapabiltty of me 150-C film * significantly better than the higher temperature films. Higher waN 
Llerauref LweverWrove the gapfill properties of the film. Specifically, in a dual heat exchange systems h.ghe 
^^JXETtan^ m^eratiSy courted to the walls encircling the substrate raise the wall temperatures. It 
SZea ^^^JX^o ^e to the effect the heat exchanger has on ozone activation in the gas 
ph^^rS^nZS^re leads to an increase in the gas phase temperature as we., as an increase ,n 

SpoZ mat the partial £Lure i of the organosi.ane precursor be kept below i vapor Pressure^ th^ ^position 
eZZZZ. The formula for partial pressure of the organosilane precursor is set forth as formula (1 ) below 



(Organosilane Flow / Total Gas Flow) x Chamber Pressure 



(1) 



roosil As evident from the above equation, the flow rate of the organosilane gas is limited by its partial pressure^ 
iSL ^eTroSnosilane gas has a direct effect on the film deposition rate. It is generally des.rabfc to introduce 
2 nZ 7*1 o^Silane as pLible in order to ensure a sufficiently high deposit™ rate. As would be. .own to 

in the^thechemtoa. supplier. ^-'«^^^^ZS!^^^^^^ 
maximum gas flows at various pressures for organosi.ane precursors (ag., TMS)1hat they_ supp^ 
f00521 Insome embodiments it is preferred that deposition pressure be set above about 50 Torr and below jmxn 
KrH^pressu^ 

JSS'gas phase reacttons resutt in a final product (carbon^oped siltoon oxide) being formed on the surface oHhe 
suttatflf the gas phase reaction is too strong (e.g., at a pressure level ^ 

t Mha oas ohasTabove the substrate surfaces rather than on the surface. Pressures above 50 Torr are generally 

fozone flow rate also has a strong effect on deposflion rate. Flowing more ozone into the ;*"^rd»" 
Tmore £s p^e reactions between the ozone and me organosilane thereby increasing the rate ^ 
Similarly, flowing a higher concentration of ozone, for example, 16 wt. % as opposed to 8 wt. %, also results in an 

Eonep~ 

depo?Z P^eTan? improves the thickness uniformity of the deposited film. Currentfy preferred embodiments .n- 
SeTflow^Telium as the inert gas. but other embodiments can introduce other gases such as argon or ntrogen. 
The inert gas should not include elements that incorporate into the film in any significant n™ ne r. 
00551 Fig 7 is a graph showing the effect of an inert gas flow of helium on film uniformity. As evident by Fig. 7^he 
Eors have deteSed that a high flow of helium improves film uniformity, but once the flow reaches a certain rate. 

2 S ^aSnion of a highflow of helium does not adversely affect other film qualities such as deposit™ 

m 1S?£Sfcn pressure .eve* generally result h better gap fill properties but tower deposition rate and 
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containsmoisture.Suchacurep^ 

like bonds wavenumber 1150 cm i) and very few oune nraSGnC e of moisture such as moisture vapor, 

dangling r^ds and are susceptible to attracts hydrc^en at™ 

As shown in Fig. 8B, once the film is cured however, ^^S^Si^S^^ ^test shown in Fig. 8A 
type bonds resulting in a more stable, ^^^^^JS^Si*. dielectric constant (k=5.5) 
also exhibited astrong stress hysteresis when heated and subsequent* aoo * deposited and 

di.ledtle eonoaht OM) «*«. "^^SJSIS^ n,™ depoehed =ocoa*.g .0 lh. pteeam 

comes ensulable lot applioatia™ tequitkig low tfetoel*' lumac( , w» a ,e<ati«ely Kerl aunoaphete. .. 
,0061) loathed, the otte ptoses, tan be P^^^™J^J^„oi be dL * slla. I*, without 

More ones. Foe example, a 3OTC oute may last tor aw m .mo.rahjte ol about «OTC lot a petlod 

P063J in a speonlo embodiment, a noutatt. oote taK »» ****** ■» » «* * 
ol aboot 10 trinities » a low ptMaete tmtogo, aaatonmtaa ^* * r^™^L»t a g aditfenrtohambar 

^1^,0^^ 

estcsss. - — * » ~s Toi^rpsr^.r^ro™. 

throughput. Throughput is increased because wafers can JTJJ*™?^? • Q Smites. vVhile a vacuum 
emotovs a process gas of TMS, ozone and helium. The process set forth in Fig. 9 is for exemplary » 
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desired pressure level is reached and rna,nta, ^ for a xo* °' S ^^^si icon oxide film (step 410). 
lor the oxygen flow and a flow of TMS is '" rt «^°^>j° ^ ^ ^ the 

Deposition step 41 0 is maintained until the ^^^^^T^^Z^XheJ^Xor^ 

art t.maVcnchanged throughout an entire ten d Imultiple a ternperature ol about 60- C and lid 

poma. a«de fe. Gen.n*y. ta- -""^JJIJJ *£«i"9 to the present invention 

than about 100 A. The peasant irwento* ™ ?3, S » a ctj> step. This la asp«*lly 

exhibit uniform ramaval rates aciosa Ihe surface ol an ant™ water wnense I 

lm porfan, ,e, damascene pmoeseee th« am used to be tocuL en a subee- 

ot the film can beocsne highly Pj 8 ™*^ a^eul^HhocuM^^epMn ore eedee of tests, films deposited according to 

A/min at a nonuniform^ rate of 3 percent . • ^ for deposi ,ion processes run in a Gigafill or 

will recognize that the rates at which various precursor gases .n the P™£*&* are ,mr °° 
specific and will vary if chambers of other design and/or ^»™J°™^ S fn a y _ cplio ^^ with the 

r£>72] in other embodiments of ^^^'^^^^^^^^^ phos- 
organosilanejndozonedunng deposrtion of the tow-k^ laye n room ™u ^ to getter alkali metals , 

pl^uilPTmayTeld^d using, e.g.. pJjo^pfHieJ^) d ^.^^^^Ta ^B. 9 . using diborane 
, el^oBiuMNa), thereby reduginometal^^ t 9 ne Sl0 ^ 

reduced^costJLand can b^^to achieve ^^^^^^J^SKS gap fill properties of 
ibW^ve-ntors of the present invention have ^^^^^^jT£^^Z>m^ 
Si-O-C films are optimized under different condftons. ^^P'^^^I temperature, i.e.. greater than 
v*en deposited w*h^ „, fi|m „ deposit ed at 

~g^.^rr d ^ 

is ptootematfc to optimize both in a single d(ScriMd optimizes both gap 
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ducing a k>« stress Bin Such a tow stress Sm would be resistant lo cracking. 
III. Process integrate! of Deposition ol a Low DWeotrlo Constant Layer 

plications, the present .nventors have d9V f^^T . ' fl|m a^ing to the present invention into 

tor approximately one mlnut. at a "S^*!**?^^ may be pedonmd .ithe, hah. or 

/ and 1050 are set forth in Section V, VI and VII below. 
IV. Pre- Deposit ion Treatment 

EJSi. ,2tS3l atomic hydrogen. The protteatment I. MtM to Fig. 11b. Fro. atomic hydrogen 1120 
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would impair adhesion of a subsequent* cnamber provides free atom* hydrogen 

(NH 3 ) or molecular hydrogen (Ha). Such a remote ^ r ^°~" ^ ^ » t e is a remote plasma source 
gas is dissociated by heating at a high '^T^Z^ ^^^s^^^ to the form of electro- 
that dissociates hydrogen-containing gas .n a plasma that .* > mha ted an d ofradiation resulting from 

m agnet fcra diation,nthisap^ 

the remote plasma source to facilitate striking the plasma. The deposition chamber 15 generally 

hydrogen-containing gas to remote chamber 1202. Remote ^~ r ^f remote cnam ber 1202. RF 

eiectrode 1208. Deflectors 1206 direct the flow o ga * " -^^55^^^'*. form of RF radfction to 
electrode 1208 is coupled to an ^J^^^lS^^Z^ the residence time of hydrogen- 
,he hydrogen containing gas va RF JSSn el free atomic hydrogen from the hydrogen 

containing gas 

containing gas. In one embodiment HI- generator w: iu jjiov provided to remote RF 

3000 watts at frequency of between 1 MHz and 100 MHz. at about 1500 seem. 

P lasmasource1200ataboul950s^ 

Emprises a microwave transparent discharge tube .1 252 0 ^ to fl^^ 1 ^ fl % co ^ edlV acondu« 

tube12S2h1yplcallymadet^ 

1253 toapr^ camber 

containing gas to discharge tube 1256. Discharge ,wae i ^ microwave transmission line or waveguide 1 260. 
crowavecavity1256isc»upledtoam.c^^^^ Movable wall 1257b moves 

atomic hydrogen treatment of the underlying layer. 
V. Post Deposition Treatment 

[0089] After deposrtion, a silicon carbon or SiOC film is often quite porous. Consequently, the film tends to absorb 
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to enhance «*""" * ^ 5o> oLerallv IneKles a denV»oation slep performed oelote removing me 

exrrrrr^rr^ 

v.r,^^ of th ft inw-k dielectric laver Suitable reducing environments include NH 3 and H 2 . I ne aensmcauon can 
the film. 

VI. Post-Cure Plasma Denslflcatlon treatment 

rnooai Si-OC low-k films that have been deposited in accordance with the preposition, deposition post deposi- 
Sr^S 55 !»tm «*» and — »P«. W Th. «*» -*«■ .mm 

IT ^TJbJIi 5u does noT^bokoiLow. eartxm torn the Mm. wblch « believed to cause 

«LOK^rSmW«lm haea.L, «t*» ISW) mdu. IM »™. normally eeb J"*"-* 1 " ' 

sificalion plasma is an RF plasma oontat*9 helilim (He), nrlrogen (N* or Argon (At). A»m«ivev an"r °r ™ 
m££Z£Zm. oonlaimng NHg and O2 may be used. Prelerabiy, •» plasma . lormed Irom a gaaooos mraure o. 
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HeandNj,. Ar plasma is not normally if sputtering would be a problem. However, Ar plasma may be used if, for example, 
SDUtterinq is a desired effect. . 
[0098] In one embodiment, a substrate containing a TMS-ozone deposited low-k film is cured .n-srtu at approximately 
400°C for between approximately 3 and 30 minutes, preferably about 10 minutes. The cured film is then subjected to 
N, plasma for approximately two minutes while the substrate is heated to between approximately 350 and 450°C, 
preferably about 400°C. The chamber pressure is typically maintained at between about 1.2 and 5.0 torr, P™*™W 
about 1 5 torr. The plasma is sustained by radiofrequency (RF) energy delivered at a power of between 50C ) and 900 
watts preferably about 700 Watts and a frequency of between 100 KHz and 100 MHz, preferably about 450 KHz^One 
example of a suitable chamber for the densification process is a DxZ PECVD chamber manufactured by Appl.ed Ma- 
terials of Santa Clara, California. Such a chamber is described in United States Patent 5,558,717. 
r0O991 Fig 1 3e depicts FTIR spectra taken for TMS/ozone deposited Si-O-C film that was treated with the densifi- 
cation described above following a post-deposition cure. Spectra 1 31 8. taken for the as-deposited film, exhibits the C- 
H and S.-C bonds characteristic of the desired film structure. The as-deposited film was cured and then subjected to 
densification in an N 2 plasma. In this case, the substrate temperature was 250° C, and chamber pressure was 4.5 torr 
during plasma densification. Nitrogen was provided at a flow rate of 2000 seem. RF power of 700 watts was provided 
at a frequency of 13 56 MHz. Spectra 1320 was taken on the same film after the Na plasma treatment. Note that the 
C-H and Si-C bonds are little changed compared to as-deposited spectra 1 318. The densified film was then subjected 
to a first oxygen plasma for 3 minutes at a substrate temperature of 250° C. Spectra 1 322, taken after the first oxygen 
plasma treatment, shows little change in the C-H and Si-CH 3 bonds. The same film was then subjected to a second 
oxygen plasma for 3 minutes at a substrate temperature of 400»C. Spectra 1224, taken after the second oxygen plasma 
treatment, again shows little change in the C-H and Si-CH 3 bonds. Table I shows ttie effect of the N 2 and oxygen 
plasma treatments on film properties. 

Table I 



so 



55 



Film 


Thickness (A) 


Shrinkage after initial cure (%) 


Refractive Index 


As-deposited 


3716.2 




1.428 


Post-cure 


3440.3 




1.397 


N 2 plasma treated 


3394.3 


1.34 


. 1.397 


250° C 0 2 plasma 


3287.4 


4.44 


1.396 


400°C 0 2 plasma 


3249.3 


5.55 


1.396 



[0100] As can be seen in Fig. 12e, the plasma densification process stabilizes the film and prevents removal of 
carbon in an oxidizing environment such as etch and photoresist strip. Table I demonstrates that the N 2 treatment has 
a negligible effect on the refractive index (and therefore k-value) of the film. Table I further demonstrates that the N 2 
densification process produces relatively little shrinkage of the post cured film. 

[01 01] Furthermore, the present inventors have discovered that if an overlying cap layer is deposited over an ozone/ 
organosilanefilmaccordingtothepresent invention, densification treatment 1040 prevents delamination of an overlying 
cap layer due to bubble formation. Bubbles may form with an undensified Si-O-C layer due to outgassmg from the Si- 
O-C layer during high temperature processes such as annealing. In an experiment, a low-k film was deposited on a 
substrate using TMS-ozone as described above. After deposition, the substrate was cured for 5 minutes at 400 C. 
After curing, the substrate was subject to Na plasma for 2 minutes and then capped with PE TEOS. The substrate 
exhibited no bubbling of the cap layer even after annealing at 450° C. 

VII. Capping TMS-ozone deposited layers 

[01 02] In some instances, the present inventors have found that Si-O-C films that have been deposited in accordance 
with the pre- deposition, deposition, and post deposition and densification described above may still be susceptible to 
cracking after curing as described above. This occurs in spite of the fact that the observed stress, the k-value, and the 
FTIR spectrum for the film do not change over time. The present inventors have observed that the susceptibility of the 
film to cracking depends upon the thickness of the deposited film and the length of time to which the film is exposed 
to the ambient (air). A postured film 6000 A or less in thickness, that has not undergone plasma dens.ficat.on js 
typically stable. i.e. it does not crack after an indefinite period of time after exposure to ambient. At 8000 A an undensified 
film cracks after about one week exposure. At 1.2 microns, and undensified film typically cracks upon removal from 
the chamber i e , upon exposure. Generally, the thicker the film, the sooner the film cracks. Densification also affects 
the thickness at which the film cracks. For example, the present inventors have found that a post cured organosilane 
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deposited Si-O-C film that has not been densitied in a nitrogen plasma, as described above, cracks at thickness of 
8000A or more within about a week. A comparable film, that has undergone plasma densification, is stable up to a 
thickness of about 1 .2 microns. At about 1 .6 microns thick, a plasma densified film cracks after about two days. At 2 
microns Ihickness. or greater, a densified film typically cracks upon removal from the chamber. 
r0103] To overcome this, another embodiment of the present invention includes capping the TMS-ozone deposited 
low-k film with a layer of oxide or nitride. It is believed that the if the cap layer is harder than TMS-ozone low-k layer 
the cap layer physically holds the low-k film together. The cap layer provides a barrier against moisture penetration of 
the low-k film The cap layer, typically a silicon oxide or silicon nitride, may be deposited by any conventional means^ 
Preferably the cap layer is a silicon oxide deposited to a thickness of between 1000 A and 3000 A by plasma enhanced 
chemical vapor deposition (PECVD) using a precursor such as TEOS. Such a cap layer is referred to herein as aPE 
TEOS layer The inventors have found that a TMS-ozone film that has been plasma densitied and capped wrth a 1000A 
PE TEOS film is stable up to a thickness of 1 .6 microns. At about 2 microns thick, a densified and cupped film cracks 
after 3-4 days Silicon nitride generally provides a stronger cap layer and a better moisture barrier. Consequently, silicon 
nitride cap layers can be thinner, perhaps for example, or the order of a few hundred angstroms. . 
r01041 I n some applications, a cap layer might be undesirable. For example in processes that require a low interlayer 
capacitance, such as damascene processes, a cap layer might not be used. The inventors have found however that 
capping solves the problem of film cracking. 

VIII. Exemplary Enhanced Deposition of an SI-O-C layer 

r01051 Figs 1 4a- 1 4f depict detailed flow diagrams of the steps of an exemplary embodiment of the method of the 
present invention depicted in Fig. 10. In this exemplary embodiment, the substrate is pre-treated using a remote mi- 
crowave plasma containing NH 3 in step 1000. The Sjgglayer is deposited wjth TMS-ozone using dual heat exchang- 
ers in step 1010. The as-deposited Si-OC layer is deT^tleBTn^redTa^bient of NH^in step 1020 and furnace 
cured ex-situ in step 1030. In an alternative embodiment, the Si-O-C film is cured in^itu and d ^ s ^™ 
is omitted. The cured Si-O-C layer is densified in a nitrogen co ntaining plasma in step 1040 and capped with PE TEOb 

roilS 1 The flow diagram of Fig 1 4a shows the details of an exemplary pretreatment step, shown in Fig. 1 0 as step 
1000 In the pre-treatment process of Fig. 14a. A wafer is inserted into the chamber at step 1401. Gas flows and 
temperatures are established in step 1402. NH 3 is supplied to the remote microwave source at about 950 seem. The 
pressure is stabilized at about 8 torr in the microwave source and 8 torr in the chamber. The pedestal is ma.nta.ned at 
a temperature of approximately 125° C and the chamber wall is typically at a temperature of approximately 65 C 
during pretreatment. In step 1403. the remote microwave source applies microwaves to the gases to^gn.te the remote 
plasma. The microwave frequency is approximately 2.2 gigahertz and microwave power is about 2100 Watts. In step 
1404, atomic hydrogen produced in the plasma treats the substrate for between about 1 to 5 minutes, preferably about 
1.5 minutes. Finally, the gases and microwaves are shut off (step 1405). 

f0107l Fiq 14b is a flowchart of one embodiment of a thermal deposition process, shown in Fig. 10 as step 1010. 
that employs a process gas of TMS. ozone and helium. This particular embodiment utilizes dual heat exchangers to 
separately control chamber wall temperature and chamber lid temperature. The process set forth in F.gJ4b is for 
exemplary purposes only and should not be considered limiting to the scope of the present claims. The pedestal and 
heat exchanger temperatures are set and stabilized prior to film deposition in step 1411 . All three temperatures are 
maintained approximately constant throughout deposition. In the above example, the walls are maintained at about 
60» C the lid of the deposition chamber is maintained at a temperature of about 25» C and the pedestal is maintained 
at a temperature of about 400' C. The deposition process is initiated, after a wafer has been loaded into the deposition 
chamber, by flowing helium (8000 seem) and oxygen (5000 seem) gases while keeping the throttle valve fuHy open 
(step 1412) for several seconds to stabilize the gas flows. Ozone is not introduced at this stage because the high 

[u1offl lty Once t the gas flow has stabilized, the throttle valve is partially closed and the pressure within the chamber is 
brought to the desired deposition pressure level in the presence of the helium and oxygen flows (step 1 41 3). Once the 
desired pressure level is reached and maintained for a couple of seconds, an ozone flow (5000 seem) is ; subs trtuted 
for the oxygen flow and a flow of TMS is initiated (500 seem) to deposit a carbon-doped silicon oxide film (step 1414). 
Deposition step 1414 continues until the carbon<toped silicon oxide layer reaches a desired thickness and then the 
ozone flow is shut off (step 1415). The ozone flow is switched off prior to the TMS flow in order to allow the TMS to 
react with residual ozone in the gas phase. The TMS flow is then shut off several seconds after the ozone flow (step 

1416) and the deposition pressure is released by opening the throttle valve while maintaining the helium flow (step 

1417) . Finally, all the gases are shut off (step 1418). 

[01091 The flow diagram of Fig 14c shows the details of an exemplary post-deposition densification step, shown in 
Fig. 10 as step 1020. In the exemplary embodiment, this step is performed because the substrate is cured ex-situ in 
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of about 400°C tor a period of about 30 minutes in step 1433. 

rai^T Tbe flow diagram of Fig 14e shows the details of an exemplary in-situ cure, shown in Fig. 10 as step ,V 03& 
j 0 ie C1 innlipri ohnut 3000 seem The pedestal temperature is set to about 400 p C. The presence ot enndnc^ 

Figs. 1 A-1 F. If ttie cure siep preceo n« h ed substrate , s rem oved from 

Pi^'Si *«• « b. readily inc^oat* into mm, P"X~. ^ r 

. „ • n rMP , and covered with a second patterned photoresist 1514 in Fig. 15e. PE I tub ana i wio *.y«i 0 o 
MT^^Zn^ photoi layer 1514 down to TIN fcyer 1504 to form viae 1516 as shown ,n 

SI tadm** tim^unti. the desired integrated circuit structure is complete. Such a process ^ntegra^on scheme 

ha achieved lor example by eliminating the deposition of PE TEOS cap layer 1512. „ . 

railSl A d'ua^ascene process integration scheme that utilizes the low-k TMS^>zone deposition n^J^ 
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20 



ow» o*de layer 1602. A , « to*. ™*Z£?Z*£ a first phi«tbao«ph, as shown In Fig. 16b. la 
layer 1 606 is aovared with a paneraed photoressi layst loo = » » r- k ,.,5, 1604 . Attar tha flrst 

Flo 16c a IVst etch forms a tirst set of gaps 1610 in first TMS layer 1606down to 1M0 
Si pbolorcslsl 1606 is etnpped, e.g, by aehlng In aa ■^^^^^^^^ 

vias 1624 through layers 1616, 1618, 1620 ana it>^ aown ^ ' } te| ,j ^ vias 

shown in fig. 1 6h. The resulting structure is ^^^J^^LrM because there is currentty no ac- 

silion rates may be used in <*"^,P"£5"^ ^ ^"nt '^on', many other equivalent or alternative 
[01181 Having fully <^^^^^^^^Z^ present invention will be apparent to 

25 invention. 
Claims 

» 1. Amethodforformingan^ 
comprising: 

,^n 9 .pn 5 oeeegaeoon».deln 9 ozoneandan o^nosllan. na*g«lr^l«»»llioon«n»nbondln te lne 

ttZ22£££« - - - — 250,0 » - 8 *" °* Uo 

over the substrate. 

2. The method of claim 1 wherein the substrate is heated to a temperature between 100-250-C. 
« 3 . The method of clahm 1 wherein the substrate h heated by a pedestal heater set to a temperature between 
150-200°C. 

4. The method of claim 1 wherein the organosilane precursor is either tetramethylsitane or trimethylsilane. 
« 5. The method of claim 1 wherein the carbon-doped silicon oxide layer has a dielectric constant less than or equal 

tO3e0. 

6. The method of ctaim 1 wherein the carbon^oped silicon oxide layer has a density of .ess than or equal to about 
1 .2 g/cm 3 . 

50 7. The method of c.a*n 1 wherein the carbon-doped silicon oxhde fcyer has a carbon content of at least about 10 
atomic percent. 

8. The method of daim 1 further comprising curing the capped silicon oxide layer after it is formed over me 
ss substrate. 

9. The method of cfcim 8 wherein said curing heats the substrate to a temperature between 300 and 50O»C for a. 
least 15 minutes in an ex situ process. 
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10. The method of claim 9 wherein said curing is done in a conventional furnace at atmospheric pressure. 

11. The method of claim 9 wherein said curing heats the substrate in a vacuum environment. 

12. The method of claim 1 wherein the organosilane precursor is selected from the group consisting of methylsilane, 
dimethylsilane, trimethybilane, tetramethylsilane and phenylmethylsilane. 

13. A process for depositing an intermetal dielectric film over a plurality of conductive lines, the process comprising: 
flowing a process gas comprising ozone and an organosilane having at least one silicon-carbon bond into the 

^e P ^ 
over the plurality of conductive lines; and 
thereafter, curing the carbon-doped silicon oxide layer. 

14. The method of claim 13 wherein the substrate is heated by a pedestal heater set to a temperature between 
150-200'C. 

1 5. The method of claim 1 4 wherein a pressure level within the substrate processing chamber is set to between about 
20 l00and450Torr. 

16 The method of claim 1 3 wherein the organosilane precursor is either tetramethylsilane or trimethylsilane the or- 
and phenylmethylsilane. 

25 17. The method of claim 16 wherein the dielectric constant of said carbon^Joped silicon oxide layer is less than or 
equal to 3.0. 

18. The method of claim 13 wherein said curing heats the substrate to a temperature between 300 and 500»C for at 
30 least 15 minutes in an ex situ process. 

19. The method of claim IS wherein said curing is done in a conventional furnace at atmospheric pressure. 

20. The mettiod of claim 18 wherein said curing heats the substrate in a vacuum environment. 

21 The method of claim 13 wherein the flow of ozone gas is stopped at least 2-3 seconds before the organosilane 
flow when deposition of said carbon-doped silicon oxide film is substantially complete. 

22. The method of any of the preceding claims wherein said process gas includes one or more dopants. 

23. The method of claim 22, wherein said one or more dopants include boron (B) or phosphorus (P) or both. 

24. The method of claim 23, wherein said one or more dopants is phosphorous. 

45 25. The method of any of the above claims, further comprising: 

depositing a cap layer over said carbon-doped silicon oxide layer. 

26. The method of claim 26, wherein said cap layer comprises silicon oxide or silicon nitride. 

so 27. The method of claim 26, wherein said cap layer is deposited by plasma enhanced chemical vapor deposition 
(PECVD). 

28. The method of any of the above claims wherein said carbon-doped layer includesfi f and ^ 

sa?d first layer is deposited from a deposition process optimized for gap fill and sad second byer is opt.m.zed for 

55 deposition rate. 

29. The method of claim 28, wherein said first layer is deposited at a high pressure and a low temperature. 
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30. The method of claim 28 wherein said second layer is deposited at a low pressure and a high temperature. 

31 . The method of claim 28 wherein said two step process comprises depositing a portbn of said carbon doped fcyer 
by plasma enhanced chemical vapor deposition (PECVD). 



32. A substrate processing system comprising: 



a housing defining a process chamber; 

a substrate holder, adapted to hold a substrate during substrate processing; 
10 a heater, operatively coupled to heat said substrate holder; 

a gas delivery system configured to introduce gases into said process chamber; 

a controller for controlling said gas delivery system and said heater; and 

a m^mo j coupled to said confer comprising a computer-readable medium having a 

is fns?uctk>ns to simultaneously control said gas delivery system to flow a process gas ^"^^^^ 

^inSLne having at .east one si.icon^rbon bond into the substrate processtng chamber and control 
said heater to heat the substrate holder to a temperature of between 100-250^0. 



20 



25 



30 



35 



40 



45 



50 



55 



20 



EP 1 050 601 A1 




EP 1 050 601 A1 




22 



EP 1 050 601 A1 




EP 1 050 601 A1 




24 



EP 1 050 601 A1 




EP 1 050 601 A1 




26 



EP 1 050 601 A1 




27 



EP 1 050 601 A1 




28 



EP 1 050 601 A1 



Effect of He Fl«w 



< 1000 



a 500 



i i i ' i i i i I 



7000 7500 



4S0O 5000 



5300 6000 6500 

He Flow (seem) 



Fr 6 . > 




29 



EP1 050601 A1 



I 



s 



'-iOO 



HID 



Ofco-o. P'<KJ-» 



J 



5 fop r/vtj r/o^ 



T 



~1 



43o 




30 



EP 1 050 601 A1 
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